Obesity and exercise constitute important factors for cardiovascular disease risk, but the long-term effects of different exercise modalities on haemostatic biomarkers are not well elucidated. We investigated the effects of 6 months of active commuting or leisure-time exercise on measures of fibrin turnover in individuals who are overweight and obese. Ninety younger (20-40 years), sedentary, healthy women and men who are overweight and obese (BMI: 25-35 kg/m 2 ) were randomised to 6 months of habitual lifestyle (CON, n � 16), active commuting (BIKE, n � 19), or leisure-time exercise of moderate (MOD, ∼50% VO 2 peak reserve, n � 31) or vigorous intensity (VIG, ∼70% VO 2 peak reserve, n � 24). Fasting blood samples (baseline and 3 and 6 months) were analysed for cholesterols and triglycerides, thrombin generation, prothrombin fragment 1 + 2, D-dimer, fibrin clot properties, and fibrinolytic activity. We observed no differences between CON, BIKE, MOD, and VIG during the intervention and no time effects for any of the variables measured despite increased VO 2 peak in all exercise groups. We found no difference between CON and all exercise groups combined and no gender-specific effects of exercise. Our findings suggest that thrombin generation capacity, coagulation activation, fibrin clot structure, and lysability are unaffected by long-term active commuting and leisure-time exercise in women and men who are overweight and obese.
Introduction
Cardiovascular disease (CVD) has a well-known association with obesity and physical inactivity, and it is well accepted that regular exercise reduces the overall risk of CVD [1] [2] [3] [4] . Nevertheless, the Look AHEAD trial suggested that an intensive lifestyle intervention through caloric restriction and increased physical activity does not reduce the rate of cardiovascular events among adults with type 2 diabetes [5] . However, a recent post hoc analysis of the Look AHEAD trial revealed a reduced risk of cardiovascular mortality after increased physical activity or weight reduction [6] .
From a public health perspective, exercise is a timeconsuming factor in everyday life. As recently suggested by Andersen [7] and supported by longitudinal and crosssectional data, active commuting may be an easy and effective way to increase daily activity levels [3, [8] [9] [10] [11] . Interestingly, a meta-analysis by Hamer and Chida [12] found a protective effect of active commuting on cardiovascular outcomes (mortality, myocardial infarction, coronary heart disease, hypertension, and stroke), which was more profound among women than men. In the CARDIA study, active commuting was associated with increased cardiorespiratory fitness in both women and men and a reduced risk of obesity and CVD risk factors in men, although not in women [13] . However, there is still a lack of long-term randomised controlled trials investigating whether active commuting and leisure-time exercise of different intensities can reduce the risk of CVD to the same extent.
Randomised controlled trials in healthy individuals assessing CVD incidence as a primary endpoint are practically infeasible, but intermediate CVD risk markers can instead be studied. rombosis is a key factor in CVD caused by disturbances in the haemostatic balance [14] [15] [16] [17] [18] , and numerous studies have tried to elucidate the effects of exercise on the haemostatic balance [19] . In a recent study [20] , we observed that daily endurance exercise at vigorous intensity for 3 months in overweight men exerts an effect on blood coagulation in the direction of anticoagulation, expressed as reduced endogenous thrombin potential (ETP). Others have similarly reported that short-term (<3 months) aerobic exercise affects the balance between blood coagulation and fibrinolysis [21] [22] [23] [24] [25] , but the results are conflicting and may depend on the duration and intensity of the prescribed exercise regimens. No studies have investigated the effects of active commuting on the haemostatic balance.
erefore, the present randomised controlled study is aimed at determining the effects of 6 months of active commuting or leisure-time exercise at moderate or vigorous intensity on markers of coagulation activation, fibrin clot properties, and fibrinolytic activity in women and men who are overweight and obese (class 1), that is, participants with a high potential of benefit in terms of CVD prevention.
Materials and Methods

Participants and Study Design.
e project GO-ACTIWE (Governing Obesity: Active Commuting To Improve health and Wellbeing in Everyday life, http://go.ku. dk/) is a randomised controlled trial addressing the health effects of physical activity in adults who are overweight and obese (class 1), and the participants and study design have been described in detail elsewhere [26, 27] . All procedures performed in this study were in accordance with the ethical standards of the ethics committee of the Capital Region of Denmark (H-4-2013-108) and with the Helsinki Declaration.
e trial is registered at http://clinicaltrial.gov (IDcode: NCT01962259). Recruitment and data collection took place between October 2013 and June 2016. Informed consent (written and oral) was obtained from all participants included in the study.
In brief, we randomised 130 healthy (blood pressure < 140/90 mmHg; fasting blood glucose < 6.1 mmol/l; no regular use of medication), sedentary (regular exercise < 2 hours/week and active commuting <5 km/day; VO 2 peak: women < 40 ml O 2 /kg/min and men < 45 ml O 2 /kg/min), young (20-45 years), nonsmoking, Caucasian women and men who are overweight/obese (class 1) (BMI 25-35 kg/m 2 ; fat percentage: women ≥ 32% and men ≥ 25%). Exclusion criteria included abnormal resting electrocardiogram and parents or siblings with type 2 diabetes, and for women, they include postmenopause, pregnancy, or planned pregnancy [26, 27] .
Participants were stratified for gender and randomly allocated in a 1 : 2 : 2 : 2 manner to maintain either their habitual lifestyle in a control group (CON, n � 18), active commuting by bike (BIKE, self-selected intensity, n � 35), moderate-intensity leisure-time endurance exercise (MOD, 50% VO 2 peak reserve, n � 39), or vigorous-intensity leisuretime endurance exercise (VIG, 70% VO 2 peak reserve, n � 38). Active commuting or leisure-time endurance exercise was prescribed 5 days/week, and the total weekly exercise dose prescribed in all three exercise groups was 1600 kcal in women and 2100 kcal in men. e intervention period was 6 months, and the exercise intervention was monitored with the use of heart rate (HR) monitors individually adjusted after 6 weeks and 3 months based on changes in maximal HR, VO 2 peak, and body weight. Exercise intensity for MOD and VIG was calculated from the maximal oxygen uptake reserve method [28] . To avoid potential carry-over effects and preanalytic disturbances, all participants were instructed not to exercise one day prior to testing. To avoid seasonal variation, the number of participants was evenly distributed throughout the year. Dietary intake was ad libitum throughout the intervention, and participants were advised to maintain their habitual diet [26, 27] . Self-reported energy intake and macronutrient intake have been published elsewhere and did not change in any of the intervention groups [29] .
To facilitate exercise adherence, participants in all three exercise groups were instructed to upload training data every week and were in frequent contact (E-mail, telephone, and text messages) with the research staff. Adherence to the exercise intervention from baseline till 6 months was calculated as exercise-induced energy expenditure (% of the energy expended during the intervention in proportion to the prescribed energy expenditure) and exercise intensity (% of VO 2 peak reserve in proportion to the prescribed intensity), respectively. Completers demonstrated an excellent exercise energy expenditure adherence (>90% in BIKE, MOD, and VIG) and intensity adherence (BIKE: self-selected intensity of 54%; MOD: 49%; VIG: 66%) to the intervention from baseline till follow-up, and aerobic capacity (VO 2 peak) increased during the intervention in all exercise groups compared with CON [26] .
In total, 90 participants completed the study, and the participant flow, including the number of completers, reasons for dropouts, and participants available for analysis, including gender distribution, is displayed in Figure 1 . e population characteristics are described in Table 1 . Plasma was transferred to 500 µl aliquots and stored at −80°C.
Blood Analyses.
Lithium heparin samples were analysed in one batch for triglycerides and HDL, LDL, and total cholesterol concentrations with absorption photometry (Roche Cobas 8000 c702 module). Citrated plasma samples were rapidly thawed in a water bath at 37°C and analysed in one series for each participant. All technicians were blinded to the study groups. e calibrated automated thrombogram method was applied to assess plasma thrombin generation ( rombinoscope BV, Maastricht, Netherlands) [30, 31] . e thrombin generation was performed by mixing 80 µl plasma with 20 µl fluorogenic substrate-calcium chloride (FluCa) and 20 µl trigger reagent with a final concentration of 5 pM tissue factor (TF) and 4 µM phospholipids. Fluorescence was read in a Fluoroskan Ascent microplate fluorometer (Fisher Scientific, Slangerup, Denmark) with a 390/460 nm filter set. rombin generation curves were generated with the rombinoscope software ( rombinoscope BV, Maastricht, Netherlands) to display the lag time, time to peak, peak, start tail, and ETP. Velocity index was defined as the peak divided by the difference between the time to peak and lag time.
A commercial ELISA method (Enzygnost F1 + 2; Siemens, Marburg, Germany) using mouse monoclonal 
Time constraints (n = 1) Job relocation (n = 1) Unrelated medical issue (n = 1) Global fibrinolytic activity in plasma was determined by a fibrin plate assay [32] . e fibrinolytic activity was calibrated against the 3rd International Standard for recombinant t-PA (NIBSC 98/714). e fibrin clot properties were studied using turbidity measurements [33] [34] [35] . Briefly, plasma was mixed with thrombin (final concentration 0.11 IU/ml) and CaCl 2 , with and without addition of rt-PA, and turbidity was recorded for 30 min as optical density (OD) at 405 nm.
e maximal turbidity increment (V max ) and fibrin clot lysis were calculated as previously reported [33] . Next, the fibrin clot structure was determined by measuring the OD at 405, 540, 608, and 690 nm after an overnight incubation, and the fiber mass-length ratio, fiber diameter, and fiber mass density were calculated [33] .
Statistics.
To ensure adequate power (>80%), the sample size was determined for the primary outcome, ETP, based on results from a previous study [26] .
e calculations suggested inclusion of 140 participants in total: 40 participants in each exercise group and 20 in the control group [27] . e present analysis of GO-ACTIWE is an efficacy analysis with the aim to determine biological effects of long-term exercise, and data were analysed as observed with a per-protocol analysis.
Baseline values were compared between the four groups using one-way analysis of variance (ANOVA), and for the primary effect variable, completers and noncompleters were compared using a t-test. To determine differences between the four groups and account for the multiple time points in the study design (baseline and 3 and 6 months), a mixed between-within subjects ANOVA was performed. If no significant group x time interaction was observed, main effects of time and between-group effects were reported. e mixed between-within subjects ANOVA was adjusted for relevant confounders (lipids, ETP, time to peak, peak, lag time, and start tail were adjusted for baseline values of BMI).
Supplementary analyses were conducted to determine potential gender-specific effects of exercise. In these analyses, all exercise groups (BIKE, MOD, and VIG) were pooled to enable determination of differences in exercise effects between women and men. Also, the combined exercise groups (n � 74) were compared with the control group to examine the effects of exercise, irrespective of the type of exercise.
Non-normally distributed data (triglycerides, ETP, lag time, F1 + 2, D-dimer, and fibrinolytic activity) were logarithmically transformed. Data are presented as mean (95% CI) or geometric mean (geometric 95% CI). p < 0.05 was considered significant. Data were analysed with IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA).
Results
Concentrations of lipids at baseline and at 3 and 6 months are presented in Table 2 , and measures of the thrombin generation test (start tail, time to peak, peak, ETP, lag time, velocity index, F1 + 2, D-dimer, and fibrinolytic activity) and measures of the fibrin clot structure (V max , clot lysis, fiber mass-length ratio, fiber diameter, and fiber mass density) are presented in Tables 3 and 4. ere were no differences between the groups at baseline for any of the variables measured. Also, baseline values of the primary effect variable ETP did not differ between completers (1960 (1885; 2037) nM·min) and noncompleters (1901 (1803; 2004) 
We observed no differences between the four groups during 6 months of intervention. us, there were no significant interactions between the group and time, no significant main effects of time, and no significant between-group effects as presented in Tables 2-4. e gender-specific analysis did not reveal interactions between gender and time for total cholesterol (p � 0. Data are mean (95% CI). a n � 14; # significantly different from CON (ANCOVA adjusted for baseline values); * significant within the group change from baseline (repeated measures ANOVA); subjects' characteristics were previously reported by Gram et al. [26] ; CON, control group; BIKE, active commuting exercise group; MOD, moderate-intensity leisure-time exercise group; VIG, vigorous-intensity leisure-time exercise group; BMI, body mass index. cholesterol (p < 0.0005) and lower concentrations of triglycerides (p < 0.01) than men (data not shown).
When the three exercise groups were combined and compared with the control group, we observed no interactions between the group and time for total cholesterol 
Discussion
e major finding in the present study of women and men who are overweight and obese was that 6 months of active commuting or leisure-time endurance exercise at two different intensities had no effects on the thrombin generation potential, markers of coagulation activation, measures of fibrin clot properties, and fibrinolytic activity in plasma. Also, no effects were observed for triglycerides and cholesterols.
No previous long-term (>3 months) exercise studies have investigated the effects of active commuting and leisure-time exercise on markers of the haemostatic balance in healthy, younger women and men who are overweight and obese. In the present study, the exercise intervention was very carefully controlled to ensure correct energy expenditure, the frequency of exercise, and exercise intensity. is was achieved by monitoring exercise HR and via frequent contact between the staff and participants. e success of the exercise intervention is supported by the observed increase in cardiorespiratory fitness in all exercise groups (Table 1) . Furthermore, preanalytical factors potentially affecting coagulation activation in vitro were meticulously controlled for during blood sampling and handling.
e thrombin generation test measures the capacity of plasma to form thrombin. High levels of ETP have been associated with thromboembolism and arterial vascular disease [36, 37] . In a previous study, we observed that ETP was lowered by daily vigorous-intensity endurance exercise at high and moderate doses for 3 months among healthy men who are overweight [20] . is was not confirmed in the present study, where no effects on ETP were observed after 3 and 6 months of active commuting or moderate-or vigorous-intensity leisure-time exercise 4-5 times/week. To our knowledge, only Hilberg et al. have previously investigated the effects of physical training on fasting levels of ETP in healthy adults, and similar to the present study, they reported no effects of 12 weeks of vigorous-intensity exercise on men who are overweight and who exercised with a frequency of 3-4 times/week [24] .
In the present study, no effects of active commuting or leisure-time exercise were observed on F1 + 2, D-dimer, markers of coagulation activation, and cardiovascular risk [38] . Hilberg et al. [24] also demonstrated unchanged levels of F1 + 2 following 12 weeks of vigorous-intensity exercise in men (40-60 y), whereas Lockard et al. [39] showed a decrease in F1 + 2 following 6 months of vigorous-intensity aerobic exercise (3 sessions/week) in combination with the American Heart Association diet in men and postmenopausal women (50-75 y).
e deviating findings may be ascribed to the age difference between the populations and the differences in dietary habits. us, Lockard et al. [39] demonstrated that exercise combined with a healthy diet is an excellent primary prevention remedy in an older Journal of Obesity 5 population at higher risk of developing CVD compared to the younger and healthier population in our study, where we solely intervened on exercise behavior. In accordance with our findings, results from the Look AHEAD study [40] showed no changes in D-dimer in individuals with type 2 diabetes and in individuals who are obese after a one-year randomised trial on intensive lifestyle intervention including exercise and a low-calorie diet. Active commuting and leisure-time exercise did also not affect the haemostatic balance in the direction of fibrinolysis measured as global fibrinolytic activity and fibrin clot lysis. Furthermore, fibrin clot formation (V max ) and fibrin fiber structure (fiber mass-length ratio, fiber diameter, and fiber mass density) did not differ between the groups and did not change over time. To our knowledge, our study is the first long-term exercise trial focusing on measures of fibrin clot properties. Fibrin clots composed of compact networks with thin fibers are more resistant to lysis and are associated with CVD [41, 42] . Fibrin clot characteristics can be improved by smoking cessation, medications (e.g., antidiabetics, coagulant therapy, and statins) [41, 42] , and oral contraceptives [35] . We demonstrate, however, that long-term exercise does not add to the list of modifiers of clot formation, fiber properties, and clot lysis.
e lack of effect on clot lysability is supported by the results for fibrinolytic activity measured by the fibrin plate Table 3 : Biomarkers of coagulation activation at baseline and at 3 and 6 months. Journal of Obesity assay.
e plasma fibrinolytic activity is primarily determined by the active forms of tissue plasminogen activator (t-PA) and its inhibitor plasminogen activator inhibitor type 1 (PAI-1), and no previous studies have assessed the global fibrinolytic activity in relation to long-term exercise. Only a few studies have measured t-PA activity and PAI-1 activity with either no changes observed after 12 weeks of vigorousintensity exercise in moderately overweight men [24] or favorable effects on t-PA activity (increase) and PAI activity (reduction) after long-term (6-12 months) vigorous-intensity exercise 3-5 days/week in older, but not younger, men [43] and in men with peripheral arterial disease [44] . Also, the protein concentration of PAI-1 (PAI : Ag) affects the global fibrinolytic activity, and we have recently demonstrated that active commuting and leisure-time exercise have no effects on PAI : Ag in the present study [26] , thus supporting the results for global fibrinolytic activity.
We did not also observe any effects on triglycerides and HDL, LDL, or total cholesterol levels, except minor differences in concentrations between women and men. e lack of effect may imply that the participants were too healthy at study inclusion to obtain effects on blood lipids following exercise.
It is unclear why we were unable to reproduce our previous results on increased exercise and reduced ETP, but one explanation could be that the exercise frequency was reduced from 6-7 sessions/week in our previous study [20] to 4-5 sessions/week in the present study. Acute exercise is known to activate coagulation and fibrinolytic properties [22, 24, [45] [46] [47] , and the findings of the present study, along with the findings by Hilberg et al. [24] , may suggest that lessfrequent activation of coagulation through ∼4 exercise sessions/week for 3 or 6 months does not lower ETP levels in overweight individuals. We speculate that high-frequency (daily) acute exercise with coagulation activation might consume coagulation factors and thereby reduce ETP. is is supported by Huskens et al. who reported a reduction in ETP after acute exercise [48] . In the present study, the participants were instructed not to exercise one day prior to testing in order to avoid potential carry-over effects of coagulation activation and possibly also on ETP. Exercise intensity does not explain the deviation since the participants in the VIG group in the present study exercised at the same intensity as in our previous study [20] .
In the statistical analysis of ETP, we adjusted for BMI due to a significant correlation between these two variables. Table 4 : Measures of the fibrin clot structure and fibrinolytic activity at baseline and at 3 and 6 months. It is possible that a greater weight loss is necessary to affect ETP in the direction of anticoagulation, and participants in our previous study [20] had greater reductions in BMI than in the present study. Also, we included both women and men in the present study, and one could speculate that there is a gender-specific response to exercise with respect to the thrombin generation potential. In terms of effects of exercise on body weight and composition, several studies have suggested that men experience greater weight loss, body fat loss, and increase in fat-free mass compared to women [10, 49, 50] . Furthermore, 44 women completed the present study, of which 27 (CON: n � 5; BIKE: n � 8; MOD: n � 10; and VIG: n � 4) used oral contraceptives throughout the study. Oral contraceptives are known to have procoagulant properties [51] , but it is uncertain whether oral contraceptives modify the effect of exercise on coagulation activation. However, the subanalyses in the present study did not reveal any gender-specific effects of exercise for any of the variables measured. e study was, however, not powered to reveal gender-specific effects [26, 27] .
Besides the many reported study strengths, the study also has limitations. e power calculations suggested that 140 participants should be included in order to detect significant effects of exercise on ETP. We managed to randomise 130 participants, and due to a variety of reasons (Figure 1) , dropout rates in BIKE and VIG were higher than the expected 20%. As a consequence, it cannot be excluded that the lack of significant effects may be due to type II errors, although the same number of participants as in VIG revealed an effect of vigorous exercise training on ETP in our previous study of only men [20] , and in the present study, there was not even a trend towards a decrease in ETP. e sample size was, however, large enough to demonstrate an effect on other markers associated with CVD, that is, an increase in cardiorespiratory fitness (VO 2 peak) in all the three exercise groups compared with CON and a decrease in the inflammatory marker C-reactive protein in BIKE and MOD [26] , whereas we observed no effects on the classical blood lipid risk markers. Furthermore, when the exercise groups were combined into one large group and compared with the control group, we also did not observe any differences between exercise and control groups.
In conclusion, our study suggests that 6 months of active commuting and leisure-time exercise at different intensities do not have notable effects on markers of coagulation activation, fibrin clot structure, and lysability in healthy, younger women and men who are overweight and obese (class 1).
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